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Abstract 

T^snstation biRtatfon is regulated In response to 
militant qvanaUIRy and mitogenio stimulation and Is 
coupled wmfceD cycle progress and cengitMrtfa. 
Several aRerations bi translational conbol occur In 
cancer. VailantniRNA sequences can after the 
translatlonal efficiency of Individual mRNA molecute3» 
wftfdi In turn play a role In cancer biology. Changes In 
the expression or avaOabflliy of components of ttie 
banslatlonfll macWneiy and In the activation of 
translation through signal transduction pattnraya can 
lead to more global changes, such as an biereose bi 
the Gvenln rate of prot^ ^nthesls and trensIaflonOI 
acflvatlon of the mRNA moleculee Involved In cell 
eroMdh and proOfeiallon. We review the basic 
prlnc^plee of IransiaBontf control, the altmilons 
enoounleied hi oanoer, and seleeled theraplee 
targeiing tiaiulallon binaUon to help elucidate new 
thenapeudeavatoues. 

Introduction 

The fundamental prindpj© of molecular therapeutics In can- 
cer Is to exploit the differences In gene oxpmsslon betuireen 
cancer oells and nonmaJ oeils. With the advent of cDNAanay 
technology, moat efforts have ooncenl w ted on Identl^lng 
<Mterencesln gene exprssslon at the level of mf^ which 
can be attrfbutabls either to DMA ampHfteatfon or to differ- 
ences In tnanscffptlon. Gene expression is quite complicated, 
however, and Is also regulated at the level of mRNA stabBHy, 
mRNA translation, and protein stabllit/. 

The power of translafional regulation has been best ieoog> 
nized anK)ng developmental bkilogleis, because tianscrtp^ 
does not occur m early embn^ogenesls In eukaiyotes. R>r oc- 
amptei tn )ton<^, the peHod of transcriptional qulescenoe 
oonitnues unt8 the embtyo reaches mkttrfastula trOTslllon, the 
4a»^ staga TheiBfDfo, aB necessaiy mRNA molecuJes are 
transcribed durlrig oogenesis and stocliiled In a tnanslationally 
bwctlve, masked forni. The mRNA are translailonally activated 
at appropriate times during oocyte nnaturatloa fertfllzBlion, and 
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early embryogeneste and thus, are under strict translattonal 
ooniiol. 

Trsnslallon has an established role In c^l cpowth. Basi- 
- cally, an Increase hi protein synthesis occurs as a consa- 
quoioe of ndlogenesis. Untfi recently, however^ Dttle was 
ioHDwn about the alterations In RtRNA treinslailon in can 
md much la yet to be cfisooversd about their lole In the 
development and progression of cancer. Here we rsylewthe 
baste principles of translaUonal control, the alterelions ^ 
countered in cancer, and selBcted therapies targeting transhi- 
tton InWaflan to elucklate potenllaS new therepeuBo awe^ 

Ba^ Prbictples of Translatlona] Control 
Mechanism of Tmslaton infUsUon 
IVttislafion InHlatlan b ttie main step In translation 
Ttanslalfcin Ntlatton Is a oornplex proce^ In whk^ the Initio 
tRNA and the 408 and 60S ribosomal subunlts oe reoniHed to 
the 5' end of a mRMA molecule and assembfed fay euleryollc 
translation Inittatkn factom Into an 808 ribosom 
codon of the mRNA (Rg. 1)l The 5' end of eukaryolfc niRNA Is 
capped, Le., cpnt^ the cap structure m^QpppN (T^neSiyl- 
guanosinelriphospho^'Hlbbnucleoald^ Most translation In 
eukaryotes occurs in a'oap^tependent feshlon, ia, the cap Is 
epedficany reoognlrad by the elF4^« which bihds the 5' cap. 
The eiF4f: translation tnftiallon complex Is then formed by the 
assanbly of eiF4E, the RNA heIlcase*elF4A, and eIF4Q, a 
sctffotdlng protein that mediates the binding of the 403 ribo- 
somal subunit to the mRNA nwlecule through InterEKflcn wf^ 
the elF3 protein pnesem on ttie 408 rfbo6omaelRAandeiF4B 
parttdpste h meOfcig the aeoondaiy smjcbae of ttie 5' urn or 
the mRNA. The 433 Initiation comptex (40S/elF2/Met-«V4A/ 
GTP oorr^JleaO scans ttie mRNA In a 6'-»3' direction untS It 
encounters an AUG start oodon. This start codon Is ttjen base- 
paired to the antioodon of Initiator tRNA, fOnning the 488 Inltl- 
atlon cornplax. The tnitlalion factors are ttien displaced liom ttie 
488 complex, and ttie 608 ribosome joins to Ibmi ttw 808 
ribosoma 

Unlike most eukaryotte translaHon, translatton inHiatton of 
certain mRNAs, such as ttie ptoomavlms RNA, Is cap inde- 
pendem and occurs by Inlemai ribosome entry. TWs mecha- 
nism does not reqiAe e!F4E. Bther ttie 438 oomplax can bhd 
ttie InWaBon codon dtnedV ttWDugh Weraction wiBi tt» IRES h 
ttie 5' urn such as In ttie encephalomyocanStls vinjs^ or It can 
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fig. r-Trarelatton fcUtlatlon ta eukaiyotss. The 4E-BP8 ore hyperohod- 

tl»4re ribojsomal subunit b bound W eiF3. and ttw temaiy oom^ 
rewaMd, and iha IB190 riboaomfll sUbunft iB nonilML 



inftWiyatechtothe WES and then reach the lni«^ 
scanning or transfer, as b the case wfth the poOowHis 0). 

Regulation of rranstoffon miOaUon 
Translation InHlatton can be ragutated by alterations In the 
expression or phosphorylation status of the various fectors 
Ihvptved. Key components In transfatlonaj regulation thai 
may provide potential therapeutic targets follow. 

efF4E elRE playa a central role bi translation regulation. 
It b the least abundant of the Initiation factora and Is con- 
sWered the rate-flmftir^ oomponent tor Initiation of cap- 
dependert translatkm. elF4E inay abo be Involved In mfWA 
spUclng» mflNA3' processing, and mRNA nucfeocytopfaa- 
mic transport e). eiF4E expression can be Increased at the 
transcitpHonal level in response to senim or growth ftetore 
(3). elF4E overexpresslon may cause preferential translation 
of mRNAs containing excesalwe aacondary stnictuie In theft- 
s' lim that are nonmally dtecrlmlnatod ae^nst fay the trans- 



iatlonal machinery and thus are biefRdenlly translated (4-7> 
As examples of tWa, overexpiesslon of elF4E promotes Iri-I 
creased translation of vasoidar endothella] growth tactor 
flbiobbstgiowthfB0lor2,8ndcycllnD1 (2»S, ' 

Another mechantem of ccmtrol b the regidatton of elF4E 
phosphorylation. e!F4E phosphorylation b medtafied liy ttie 
mitogen-acttvated protein Idnase^nteracUng Idnase 1, wNch 
te activated by the mitogen-acSvEted pathway activating 
extracellular signal-related kinases and the stress-ectKatad 
pathw^ acting through p3Q mitogeiv*actlvated protein ki- 
nase (10-13). Several mitogens, such as aennn, platelet- 
derived growth factor, eptdemial growth fiactor, bnuHn, 
angiotensin II, src kinase overeocpresslon, and ras over- 
fiocpresdon. bad to eIF4E phosphorybtfon (1^ The phos- 
phoiyMlon status of elF4E b usually comobted with the 
transbtlonal rata and growth status of the cell; however; 
elME phosphoiylaBon has abo been observed In response 
to some cellular stresses when transbttonal rates actually 
decrease (15). Thus. lUrfher study b needed to understaRd 
the effects of elF4E phosphorylation on elF4E actMly. 

Another mechantem of legulattonta the alteratton of e!F4E 
availability by the Wndfng of elF4E to the 6iF4&bIndlng pro- 
teins (4E-BP. abo Known as PHAS-O- 4E-BP8 compete vrtlh 
elF4Q for a Wreflng alte In elF4E The binding of eif^4E to ft e 
best charaoterlzed eIF4&btndlng protein. 4E-BP1, b regu- 
bted fafy 4E-BP1 phosphorytotion. Mypophosphorylaled 4B- 
BP1 binds to elF4p, wherBa84&BP1 hyperphosplioiytaOon 
decreases thb binding. Insulin, angiotensin, ■ epklennal 
growth factor. pbteletHlerlved »t3wth factor, h^iatocyte 
growth factor, neivegrowth factor. Insulln-lii(e growth factors 
I and OtlntertauNIn 3, jjrarMocyte-maciophG^e oolony-etliTv- 
utating factor + sleelfartor. gastrin, and theadenovbus have 
all been reported to Induce phosphoryfatlon of 4E-BP1 and 
to decrease the ability of 46-BP1 to bind eIF4E (15, IQ. 
Convereely, deprivation of nutriente or growth fedora results 
in 4E-BP1 dephosphorylation. an bKrease In elF4E binding, 
and a decrease in cap-dependent translattoa 

p70S8 Kinase. Phosphorytatlon of ribO8omal40S protein 
88 by S6K bthought to play an Important rololntiBnslatlonal 
regulation. S6K nrause embryonic celb proBfei at e more 
slowly than do parental ceils, demonstrating thai 86K has a 
positivo Influence on cell proliferation (17). S8K regulates the 
translation of a group of mRNAs posses^g a 5' temilnal 
oOgopyr&nkiinetPaclGS' TOP) found atthe 5' UTR of rttxj^^ 
prolah rnRMAs and other mRNAs coding for componenb of 
the transtalbnal machlneiy. Phoqshoryl^ion of S6K b regu- 
btedin part based onthearalbfaililyornutrienbtta^ 19)andb 
sHrnuteted ly several growth fectara, such as ptatetat-dertved 
growth factor and Insidln-fflca gntjwih factor I cao). 

elF2ttPho^>horyfation. The binding of the InlttatortRNA 
to th e sma O ribosomal unit b mediated by translation initb- 
tlon factor eiPZ. Phosphorytatton of the a-eubunit of elP2 
praventsfomiaflon of the elFS/OTP/Met-tRNA complex and 
InhHrfla gtabal protein aynthasb (21, 22^ eXFZa b phospho- 
rylated undv a varbty (rf condlUona. such as viral Infection, 
nutrient deprtvatton, heme deprivation, and apoptosb (22)* 
eIF2a b phoGphorytated Ijy hame^egulated tnNbBor, nutrbnt- 
tegubted protain Mnase. and the IFN-induoed, doubb- 
atrandad RNAracDvatsd protalh kinase (PKR: Ret 23^ 
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TliernTORagnallns Pathway. Tho maaoOdaant^^ 
iBpamydn IISnBBnnjs; WVeth-Ayerrt Rosearch, CdtegevlUe, 
RA) has been tto subject of i nten^ study because it In- 
MUI8 dgnal transduction pathways Immlved in 
tfon. 71© rapamydn-sensWvo contponent of these pathways 
Is mTtlR (also caQed l=RAP or RAFTI ), mTOR Is the mam- 
malian homoiooue of the yeast TOR proteins that regulate 
progression and translation in response to nutrfent avallabiK 
ity ^ mTOR Is a serine-threonine idnase that mbdidales 
tranalallon inBiaUon by altering the phosphoiylaHon status or 
4E-BP1 and SSK (Rg. 2; Ref. 2^. 

4E»>1 bphosphoiylatedonmuitiplSfBSldUBBLmTORphoe- 
phoryiatss the lhr-37 and *nr46 lesidues or 4&BPI M i«o 
hovraver. pho^dK)rylatk)n at these sites is not assocb^ 
wHh a loss of eiF4E bbidlng. Phosphoiylation of Vw^ and 
Thr-46 is requ&ed fior subsequent phoepivrylatton at seveial 
COOH:tBm*iaI, cennihsenslBvo sftss; a oonWnalloii of these 
phoephoiylatlon events appears to be needed to Inhibit the 
bind ing of 4eeP1 to el F4E C25>. The product of ejs i*7M gene. . 
P38/MSK1 pathway, and protein MnaseCcr also play a n))eth 
4&BP1 phosphorylation (27-59). 

S6K and 4E-BP1 are also regulated, In part, by PI3K and Its 
downstream pnoteln Idnase AlcL PTB^J Is a phosphatase that 
negatively ragulates PBK aignaHng. FJBi nuD celts have 
oonstitutively activB of Akt. with Increased S6K activity and 
S8 phosphorylation (3(^ 8W aclMfy is Inhibited both by 
Pi3K inhibftors wortmannln and LY2940QZ and by mTOR 
Inhibitor rapamydn (?4^. Akl phosphoryiates 8ep-2448 In 
mTOR In vft[o, and this site Is pho^horylated upon Akt 
ectivatton in vfvo (ll-^). Thus. mTOR Is regulated the 
PI3K/Aict pathway; however, this does liot appear to be the 
only mode of regulation of mTOR acth^. Whether the P13K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
Independent of mTOR Is oontroversial. 

Interestingly, mTOR autofdiosphorylation Is bfodcsd by viwrt- 
mannki but not by lapamycfn 7Ws seemSig Inoonsteterey 
suggests that mTOR-responsive regulation of 4e-BP1 and S8K 
adivi^ occurs through a mechanism other than htrlnsIcmTOR 
Idnase activity. An alternate pathway fbr4E-6P1 and S6K phos- 
phoryiatlon by mTCVt acth% is by the inhibition of a phoepha- 
tasa Treatment with calycidin A» an Inhibitor of phosphatases 1 
and 2^ reduces rapamydn^nduced dephosphorylatton of 4E- 
BP1 and S6K l>y rapamydn (3^. PP2A Interacts with fulHength 
S6K but not with a S6K mutant that is resistant to dephospho- 
rylation resulting from rapamydn. mTOR phosphcvylatBs PP2A 
In vteo; however, how this process alters PP2A adiv^ Is not 
(mown. Ihese results are oorwtBterit with the model that phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
rytation of 4&BP1 and S6K, and conversely, that nutrfent dep- 
rivation and rapannydn Mode Inhibition of the phosptaiase by 
mTOR. 

Potyadenylation. The poIy(A) tall in euteryotic mRNA Is 
important In enhancing translation Initiatfon and mRNA sla- 
biPty. Pdyadsnytation plays a ksy rde in regdattng gene 
expression during oogerwsls and earty embiyogenesls. 
Some mm^ that are tran&lationally Inactlva In the oocytB are 
polyadenylated ooncomltantty with tianslattonai activation in 
oocyte maturation, whereas other mRNAs that are Iransla- 
ttonaDy active during oogenesis are deadenyfaled and trans- 
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latlonally sOenced (38-38). Thus, control of pdytA) tan syn- 
thesis Is an important rsgutalory step In gene expression. 
The 5' cap and polyW tan are thougW to function syneiBla^ 
tically to regulate mRNA translatlonal efficiency (39. 40>. 

RNA Pacfcasfng. Most RNA-blndIng proteins are assem- 
bled on a transcript at the time of transcilptloh. thus deter- 
mining the translaHonal (ate of the transolpt (41). A highly 
conserved family of Y-box proteins is found In cytoplasmic 
messenger ribonudeoprotdn parttcles, where the proteins 
are thought to play a rote In restricting the recruitment of 
mRNA to the translationai machinery (41-43). The malor 
mRNA-assodated protein. YB-1 , destabtltees the frrteractlon 
ol eIF4E and ttia 5' mRNA cap fn wfro, and overexfvesslon of 
YB-1 results In translationai repression in vfvo (4^. Thus. 

allBfBlions In RNA packaging can also play an important lolo 
in iranslatibnd regulation. 

Translation Alteradons Enoountered in Cancer 

Three main alterations at the translationai level occur In cancer 
variations In mRNA sequences ttiat Increase or decrease tians* 
iaiional effldency, changes In the expression or avaDabOlty of 
components of the transfattonal machinery, and actlvatiOT of 
translation through aberrantly activated signal transdudion 
pathwEQ^ The first aitersfllon allieds the transledkm 
vidua! mRNA that may ptey a rote in carcfriogeneslB. The seo. 
ond and third alterations can lead to more global changes, such 
as an Increase In the overaB rate of (Botdn synthssis^ and the 
transtatlonat activatf on of several mRNA spades. 

VariaUons In mBNA Sequence 
Variations In mRNA sequence affect the translationai ef8» 
dencyrfthetranscripLAbrirfdescr^ of these variations 
and CDcampiss of eadi msdianlBm follow. 
Mutations. Mutations in the mRNA sequence, especially 

m the 5' urn. can alter Us translationai effldency. as seen in 
the foDowIng eoounples. 



o*5fft Saito«taLprop(jMthmtranslattonofM 
o^fi9v Is repressed, whereas In senml.Bi^ 
that have deteUons of memRNAS' Uratanslalim 
b moB efflclem (46). More reoenftly, R was reported M 
5' UIH of o.i?0© contains an IRES, and «ius ©iffqw 
tion can be [nltiated by a cap-Independent as weO as a 
capKJependert mechanlsni (48. 47). rn paMefto wim mu^ 
myeloma, a C-*T mutaUon In the o-myc IRES was kiemifled 
(4^ and found to cause an enhanced Initiation of WisIsSon 
Via Infemal ilbosomal entry (49). 
.0RC4f. Aaomatfc point mutation (117 Q>»qbiposfHOn 
-3 with respect to the start codon of the 8aG4l gene was 
identfflad In a highly ag^es^ sporadic breast cancer C5Q). 
Chlmertc constiucte consisting of the wBd-lype or mutated 
BPCAi 5' urn and a downstream tudferase reporter denn 
onstratedadecreaseinthetianslationaieffk^tencywim 
UTR mutstton. • 

QwAMlapandiBfirfaiaseAiftl&flor jM. Some Inherited 
melanoma kindreds have a Q-*T transversion at base -34 
of cydbvdependent kinase inhIbitor-2A, whteh encodes a 
cycBn-dependent kinase 4/cyclln-dependent Wnaso 6 kbiase 
Inhibitor Importam In G, checkpoint regulation (51). This 
mutatkKK.slves rise to a novel AUQ translation !nltlatk>n 
codon. creating an. upatraam open reading frame ttat com- 
petes for scanr^ ritMeomes and d ecreases translation 
from the wild-type AUa 

Altemato Sf^dng and AHemato Tmnscripflon Start 
Sttea. Afterettons In spKdng altemate transcilpBon sites 
can load to vaiiattons in 5' UTR sequence, length, and second- 
aiy atnicAir^ ultimately bnpacting translatkjnal efficiency. 

Am, TheATM^nehasfournonoodlngexonslnnsy 
UTR thm undergo eodenslve BRemaUve spBdng The 
contents of 12 different 5' UTRs that show consMereble 
diversity In length and sequence have been klentifled. These 
divergem 5' leader sequences play an important role In the 
translattonaJ regulation of the ATM geno. 

nwfefc 8 subset of tumore.ov6rsxpres$lon of the onco- 
protein mdm2 resulte In enhanced translation of the mdbn2 
mRNA Use of dHferent promotere leads to two mrtnZ tran- 
scripts that dIfiiBr only fn their 5* leaders (53). The longer 6' 
UTR contains two upstream open reading liames, and this 
mRNA is ksaded with ribosomes Inefficiently compared with 
theshorlS'UTR 

BRCAf. In a normal mammary gland, BAGAI mRNA Is 
expressed with a shorter leader sequenoe^UTRed. whereas 
tn8poradIcbre8stcancertl88U8.6RCAt mRNA is expressed 
with a longer leader sequence (5' UTRb); the translattenal 
efficiency of transcripts containing S' UTRb is 10 times lower 
than that of transcripts containing 5' ITTRa 

TGF-^a. 7T3^^3mRNA^ndudesa1,1-kb5'UTRwhlch 
exerte an bihlbltory effect on translatkwi. Many human breast 
cancer eel Bnaa contain a novel 713F-P3 transcript wth a 6' 
UTRthatlsQ70nucleollde&shorterandhasa7-fbld greater 
transtetloftal efRdancy than tt» rwmaJ TQF-fZ mfWA ^ 

Alternate Potyadeitylatkm Sitea. Mult^ polyadenyl- 
atlon signals leading to the generatton of several tianscripte 
wWi differing 3' UTR have k>een described for several mRNA 
species, such as the WET prato^ncogene ATM gene 
tissue inhibitor of mstelloprotelnases^ pT), AHQA 



protooncogene 058). and calmoduUn-l ^\ Although tho 
effect of these attemate 3' UTRs on translation Is not y&t 
loKmn^ttjey inay be Important In RNA-proteln hftarocttons 
that afVeot tnanstetidnal rscnAment The role of these alter-, 
atkins In cancer development and progression b unknowri. 



A/tefalfofis In tfia ComponeA^ of tfie 
Tkansftilftifi Afsditoeiy 

Altoraltons In the componente of translation macMneiy can 
take many forms. 
Overexpressslon of elF4E. Overexpresalan of elF4e 

causes maBgnant tranafbrmatton In rodent oeib (B(9 and the 
donegulatton of HeU cell growth (61). Polunovsl^ ef al ^ 

found that elf^ overexpresfiton substttutes for serum anci 
Individual growth factore In pre&ervbig viabBKy of fifarablasis, 

whteh suggests thakeU^can mediate both prollteiallveancf 
sunrtvai signaling. 

Qevated levels of eIF4E mRNA have been fbund in a broad 
spectrum of transfbnned eel Ihes (83). elF4E levels ar« 
elevated In ai I ductal carcftioma In s/bi specimens and Inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (34, 6^ Pralbn- 

Inary studies suggest that this overaxpiesaloft (8 attributable 
to gene ampOfiodlon (66). 

There are accumulating date suggesting that eiF4E overex- 
prealon can be vateablB as a prognostic maiter.eiP4E over- 
esxpieaslon was found In a ratnoepeclhra study to be a martoM-of 
poor prognosis In stages I to in braast carcinoma (87). Variflca- 
tkMi of the prognostte value of elF4E in bi^ cancer Is now 
under way in a prospective trial (87). However, In a cfiffeient 
study, dF4E expresston was coneiated wHh the aggressive 
behavkr of non4todgldn'^ lymphomas (881. te a praspectfve 
analysisof patients with head and neckcancer. elevated levels 
of elRE In hlstologlcelV tu^xs^free sur^ marghs predicted 
a signlflcanlV hcreased rtsl^ of locaI^eglonal recunence ®). 
These resulls aB suggest that eIF4E overaixpresslon cffli be 
used to select paHente who nHght benefit frxxn more aggresslvB 
eysiemie therapy. Rjrthennore, the head and neck cancer date 
suggest that elF4EoverBxpresBtanb a field defect and can be 
used to guide local therapy. 

Atterstlons fai Other Initiation Factors. Alterations In a 
number of other Initiation factors have been associated with 
cancer. Overproduction of elF4Q, similar to elF4E, leads to 
malignant transfonnatlon \n vrtro (6S). elF-2a Is found In 
Increased levels in bronchloloalveolar carcinomas of the lung 
^ Initiation tector ell^i is overoxpressed h melanoma 
(TP) and hepatoo^ular carcinoma (71). The p40 eubunit « 
translation biltlafion factors Is ampRfied and overexpiessed 
In breast and prostate cancer (72), and theelRa-pllo subuna 
Is overexprassed in testicular sembKMm (73). The role that 
overaxpresslon of these initiation factors iidays on the devel- 
oq rwit and prog ression of cancer. If any, Is not foxvwn. 

Overeovmslon of 86K. S6K Is anrtpOfled and highly 
overexprassed In the MCF7 breast cancer cell line, com- 
pared virtth normal mammary epithelium (7^ In a study lyy 
Bariund et af. (7^ S6K was ampliRed fri 58 of 668 primary 
breast tumora, and a statiattcally slQnHlcant association was 
observed between ampSficatten and poor prognosis 
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Overaqmshm of RAP. PAP catalyzes 3' potyW 
lhasls. RAPfsmrexpressed h human cancer cells com- 
pared vtiffli noma] and vinally trensHDnned cells ^S^ PAP 
6fizymatte (n txeast 

PAP protein ieveb and. In nrnirenary faBnorcytosols, was 
ibund to be an Indep^Ktem factor for predict^ 
Uttle is known, however, aboirt how PAP e9(press^ 
tWty affects thatransMonal profiie, 

Alterattof»(nRHA4)indlngProtahi8. Even less Is known 
dwut BHem&ms In RNA pad(Bg»ig In cancer. Ina^ 
presdon OMj nuclear locaBzaHon of the RNM)^ 
YB-1 am Incficalora of a|X>orprogno6b for brtteBt cancer (H), 
r»o-aniaB Ml fcing cancer (TBI), and owarian cwK»^ 
etrer. this effect may be mediated at least in part at the lav^ of 
traisalplica because YB-1 increases chemorsslstanoatiy en- 
handng the iranscfiption of a multidni^ fedstancegene (Bt^ 



ActtysfUon of Signal Tiiansducthn Pathways 
Acffvaiion of eigne] trmtsductton pathways by loss of tumor 
suppressor ^nes or overexpresslon of certain tyrosine 
can contribute to the gnovvth and aggressiveness of tumors A^ 
fenportan^ mutant in human cancers b the tumor suppressor 
genePTBV, which leads to fteacOvallon of the PBKTAttpatt^ 
way. Activation of PI3K and AM IndUoes the oncogente trans- 
fbmiaSon €f cHcken ernbiyo fibroblasts^ Thetiansfc^^ 
show conslttullve phosphoryfaiton of S6K and of 4EW C51). 
A mutant AKt that retains kinase actMty but does not phos- 
ph0fylateS6Kor4E-eP1 does no t trdiisfann fibroblasts, wNch 
a^Bsts a cofTBlatton between the onoogertcay of PJ3K and 
AW and the phosphoryiallon of S6K and4E-BP1 

Sevarai tyrosino kinases such as platelet-derived growth 
factor. bisul&i-Uke growth fiactor. HERSMeu, and epidemial 
growth factor receptor era overexpressed In cancer. Be- 
cause these kinases ectMe downstream signal transduc- 
tion pathways known to alter translation Initiation, activation 
of translation Is likely to contribute to the growth and aggros- 
sh^eness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under transiattonal control. 
For example. HER2/neu mRNA Is translatkinally controlled 
both by a short upstream open reading frame that represses 
HER2/heu tiansiatton In a cefl type-Independent manner and 
isy a distinct cell type-dependent mechanism that increases 
translatlonal effidency (8?|. HERZ/heu translation is different 
in transfonned and nonnal oeOa. Thus, It is possible that 
alterations at the transiaHonal level can In part account fbr 
the discrepancy between HSi2/heu gene amplHkalton de- 
tected by fluorescence fn sHu hybridization and protein levels 
detected by Immunohlstoc^iemlcal assays. 



nanslatlon Tmgeto of Selected Cancer Therapy 

Components of the translation machinery and algnal path- 
ways involved In the actlvatton of transition InNlalton repre- 
sent good targets for cancer therapy. 

Tarjietfng tfie mTOff Signatktg Poihway: ftojmmydn 

Rapamycfri Inhibits the prblHeratten of lymphocytes. It was 
InftlBlly devetoped as an Immunosuppressive dnig for organ 



bansFtentatfcKi. Rapamydn vrith FKBP 12 (FKSOS-bindlrtfi 
protein. Mr 12^} binds to mTOR to InhlUt to fUnctton. 

Rapamydn causes a snnall bm signlflcam redudkm In 
InHlaftkm rate of protein synthestaC^ ft UodGBoeDgrowtt) in 
part by bkxAIng S8 phosphorytatkin and selectively cu>. 
pressfr^ the translaSon of 5'TOPmRNAa, sudi aaribosomod- 
proteins, and dongatlon factors (B3-85). Rapamydn ateo 
bk)Gks4E-BP1 phosphorylaibn and Inhlbtta cap-<lepehdem 
but not cap-independent translation (17. 88). 

The rapamydn-eensmvd signal transduction pathw^, acti- 
vated diving maOgnam transfennatlon and cancer pro^esstori. 
b now btfi« studied as atargd for cancer therapy CS7). 
lat%bfaasl.8nafloeBluig^gild31asto(na,nwlanoma.andT<aR 
teukerrOa are among the cancer Ones most sensitive to the 
rapamiydn anak)gue CCt-779 OA/y^h^yerst Researdi; Rer. 
87). in rhabdoniyoosanxjrria oeS bies, rapamydn Is ett)ercy^ 
stalto or cytoddal, depencSng on the p63 status of the ce% p53 
wlld4ype oelb treated with rapannvdn srest the Q, phase 
and mBMah their, vlauay, wheieaa pS3 mutant cess aocunuj- 
latBfr»G,andundergoapopt06lsCB8; 88). biarecer«y reported 
study uskig human prMtve neuroeotodennd \umor and 
medidlobfastorna inodels, rapamydn exhibited more cytotoK* 
k% h combination wRh dspiatln and camptothedn than as a 
single agenL Ai vto. 001-779 dete^ growth of xenografts by 
16096 afterl weekoftherapyand240%8ftfir2weehs.A8lngle 
h^Ktose a dmin b h m kMi caused a 8796 decreaaa In tumor 
vduma GMwtb IrWHon to vft«> was 13 tb^ 
dsplatin in combination CCI-77g than wim dspl^ 
C9P). Thus, preclinical studies suggest W rapaniydn anar- 
logues are useM as single egents and ki combination with 
chemotherapy. 

Rapamydn analogues 001-779 and RAD0O1 (^ovartls. 
Basel. SwitzerlauKO are now tn dinicd tilab. Because of 
known effed of rspamydh on lymphocyte prollferallon. a 
potentid problem with rapanfiydn analogues Is ImiminosupK 
presdon. However, although prolonged immunosuppression 
can result liom rajjamydn and 001-779 administered on 
conihuous-dose schedules, the Immunosur^aresslve effects 
of rapamydn analogues resdve In ~24 h after therapy 
(91). The principal toxicities of CCI-779 have included der- 
matdoglcal tOKk%, nnyelosupprssslon, Inf^dfon. mucosttia, 
diarrhea, reversible elevations In Dver function tests, hyper- 
glycemia, hypokalemia, hypocatoemla, and deprssston (87, 
92-94). Phase U trials of CCI-779 hove been conducted In 
advanced renal cell cardnoma and In stage \WN breast 
caroinoma patients who failed with prior chemotherapy. In 
the rssute reported in abstract fbnn. atthough ttwre warn no 
complete responses, partial responses were docuinented bi 
lx>th renal cell cardnoma arwl In tuneast carcinoma (94* 95), 
Thus, 001-779 has documented prdlmlnary dlnteal acllvHy hi 
a prevkHisly treated, unseleded patient populatton. 

Active Investigation la undar way Into patient sdection for 
mTOR inhlbftore. Several studies have found an enhanced 
affieacy of CCi-77B In PFEN-nUD tumora (Sa 96). Anottier 
study found that abc of dght breast cancer cell lines ware 
responsive to 001-779, although only two of these Unas 
tacked PTEN (97) There was, however, a positive oonelatkm 
between AM activation and CCI-779 aensftlvity This 
6oirdaHon auggaste that activation of the PBK-Akt piOhwsy 
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ngafidlessorwhemflr Itbaitrlbutabtotoa PTEN mu^ 
to ovenaxpressJOT of i«»ptor tyrosine Wnases, 
car cell amenable to irfTOMIreclBd ihenqpy. bi oonlrasi, 
Isvatd of the target of mTOa 4&BP1, ara 8Sso^^ 
with rapamydn resistance; thus, a tower 46-BP1/eIF4E ratto 
may predict rapamydn leslatanca (98). 

Arwther rnode of aclK% for rapamydn arKi fis an^^ 
appears to l)e through Inhlbftian of angtogoneste. This actJv- 
Ny may t» boSi through direct hhtoWpn of endothelial cell 
profUiSfattonaaarasdtoffflTOR Inhibition In t^ 
biMbttlon of tiansfatlon of such proangtogenic factors aa 
vascular endothelial growth fKtor In tflnor ceSs 

The anglogenesls Inhibitor tumstatin, another antlcanoer 
drug cunBrtly un(Ja- study, M«3 also found recently to inhibit 
translation In endothelial ceOe C101). Through a requisite In- 
laiecllon with Integla tumstatto inhibits activation of the 
PBKWd pathway and mTOB In endotheHal cells and pr». 
verrts dlssodalion of elF4EfinQm 4&BP1, thereby Miibltlhg 
cap-dependent translation. These findings suegest that en- 
ddttieOai cdls am espedally sensitive to therapiea taraetbio 
the mTOR-elgnallng pathway. 



raert also reduces the expression of angiogenic factore (11^ 
and has been proposed asapotertlaladlluvantfterapyforheacl 
aidneckcanceie,paTtfcidartywheneIsyatedeIF4Ebfbim^ In 
au^ maigtna. Srnafi molecule InhlbHore that bM the elF4<^ 
4&BP14)inding domah of elF4E are praepoototic ancfl 
arealsobebigacavel/punsued. 

A dBarem therapeuBo approach that takes advantage (tf the 
enhanced capKlependanttranslallon In cancer ceSs Is the use 
Of gene therapy vectxxs encoding euldde genaa wtth 
atnjduradS'imThesemro^A would thus be ateconqa^^ 
disadvantage Eri normal cells end not transtaie weD, whereas In 
cancerceas. they would translate nwre efitelentV. FVjrexaiT^ 
thelnlroduclionafthe5'urmof«brx^}last9owthfa^ 
the coding sequenoB of hopes sfiTV>te*vi!rtjs<yp»-7 myrrdeSn& 
lEtee gen^ aSows for seteoHve trendattori of Aieipes sbiy^ 
wfrus fype-1 thymkilrte kinase gene In breast cancer oe9 Hnes 
compared with normal mamrnary cea Bries and reauRa hi 9e- 
lecilve sensitivity to ganciciovfe' (117). 



TaneW^eiF2a: EPA, CMrtmaxofe, mOa-r, 
ond RavonoktB 

EPA Is an n^ polyunsaturated fetty add found fai the fteh- 
based diets of papulations having a low incidence of cancer 
(102). EPA Inhibits the proliiieretlon of cancer cells (103), as 
weq as in animal models (104. 108). It blocke ceU division by 
inhibiting translaUon initlallon (105). EPA releases C^-^ frtsm 
Inhacellular Stores while Inhibiting their. refHItng, thereby ac- 
tivating PKR. PKR, In turn phosphorylates and Inhibits eIF2a, 
resulting in the friMbltlon of protefrt synthesis at the level of 
bjansfalton initiallon. ShnSaily, ctolrimazole. a potent antipro- 
liferallve agentfr) mHto and ft) irfVo, inhibits cefl growth through 
depletion of Ca?* stores, actlvafion of PKR, and phoepho- 
lylation of elF2a (10^. Consequently, dotrtmazOte prefai^ 
tlally decreases the expression of cycllns A, E, and D1, 
resuftlng bi blodcage off the cefl cycle In Qv 

mda-ris a novel tumor suppressor gene being developed 
as a gen© therapy agent Adenoviral bansfer of mda-7 (Ad- 
mdaT) Induces apoplosls In many cancer cells induding 
breast, colorectal, and lung cancer (107-100). Ad-mda? also 
inducee and activates PKR. which leada to phosphorylation 
of efF2o and Induction of apoptosis (110). 

Flavonoids such as genistebi and quercetin suppress tu- 
mor oea growth. All three mammalian eiF2o kinases, PKR, 
hammgi^atod Inhibitor, and PERK/PEK. are activated by 
flavonoW^ with phosphorylation of etF2a and Inhibition of 
protein aynthe^ (111). 

ranr^ffefMA antf elFSCe Antfsenso AAM 
ancTAspttias 

Anllsense expression of elF4AdacrBa8es the proOfaratlon rale 
of melanoma cells (112). Sequestnallon of eIF4Ebyoverexpres- 
afan of 4E-BP1 b proapoptotio and decreases tumcrlgenk% 
(11 3, 11 4). Reduction of elF4E with antisense RNA decreases 
soft agar growth, Increases tumor latency, and Increaaes the 
rataa of turner doubling tlmas (7). Antbense eira RNA treat- 



Toward the Future 

TVansbflon b a oructal process In every odL However, several 
afteratlons In transialioral opnbol occur h cancer. CencerceDs 
appear to need an abenantly activaled lranG4aBonaI state fbr 
swvival. thus dtowlng the targeting of translalton 1^^ 
sunxblngly low to}dclty. Componerits of the transtedlonal ma- 
chinery, such as elF4E, and signal transduction pathw^ liv 
volved in translation InMatton, such mTDa tepresent prornbim 
targets tor cancer therapy. InWbttore of the mTOR have already 
shown some preliminary adivHy In dinical trfab. H b possible 
that with the development of better predictive mai1(ere and 
better patient sdectton, response rates to dntfe^gem therapy 
can be Unproved. SimSar to other cytostattc agerrts, however. 
mTOR InhlfaitQre are most IBcely to achlcMB cOnlcal utlBly to 
combination therapy . In the interim, our Increasing undereland- 
Ing of tran^atlon Initiation and signal transdudlon pathways 

prombe to lead to the IdentmcaHon of new therepeutfc targets 
biOieneerfUtua 
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